New physics effect on the top- Yukawa coupling at ILC 
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Measurement of the top- Yukawa coupling is important to understand the fermion mass 
generation mechanism and dynamics of electroweak symmetry breaking. We discuss the 
top quark anomalous couplings which can be described by higher dimensional operators. 
We investigate the process e~e+ —^ WW^vu tivv to study the contribution of the 
anomalous top-Higgs couphng to the cross section. The effect of the dimension-six 
top-Higgs interaction on the cross section can be a few hundred percent greater than 
the SM prediction. Such a large effect can be measured at the International Linear 
CoUider. 

1 Introduction 

The mass of the top quark has been measured to be at the scale of the electroweak symmetry 
breaking, so that the top- Yukawa coupling has turned out to be of order one in the standard 
model (SM). It is a quite natural scale as compared to the other quarks. This fact would 
indicate a relation between the top quark physics and the dynamics of electroweak symmetry 
breaking. Top quark motivated models such as the top mode condensation, top color models, 
and top flavor models have been discussed in literature. These models generally predict 
rather strong dynamics for the electroweak symmetry breaking. Measuring the top- Yukawa 
coupling is essentially important not only to conflrni the SM but also to test new physics 
models including them. 

Information of Higgs coupling constants can be extracted at future experiments. How- 
ever, measurement of the top- Yukawa coupling may be difficult because of the huge QCD 
backgrounds. Determination of the coupling constants can be performed at the International 
Linear Collider (ILC). At the ILC, the top- Yukawa interaction is expected to be measured 
through the process e^e+ tiH^ for a relatively light Higgs boson when it is kinemati- 
cally allowed. For a heavier Higgs boson, it would be detectable via the vector boson fusion 
process e~e'*' W^W^vD — > tivD^ in Fig[TJ 

2 Dimension-six top quark operators 

At low energies, the non-SM interaction can be expressed by using the higher dimensional 
operators. Such operators are introduced by integrating out the heavy new physics particles. 
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Figure 1: The top pair production via W boson fusion 



In this section, we study the dimension-six operators which affect the top quark interaction. 

Below the SM cutoff scale A, the new physics effect which is related to the top quark 
can be described by the effective Lagrangian as 

^cff = -^SM + -^dim.6 + ^dim.8 + ' ' ' J (1) 

where /^sm Lagrangian. and 

i 

where o'f'^ are SU(2)j^ x gauge invariant dimension-n operators, and Cj are the 

(n) 

coupling strength of 0\ . In this talk, we treat only the dimension-six operators because 
they should give the new physics interaction. 

The dimension-six operators have been already discussed in literature. All the gauge 
invariant operators are given in Refs. [H [S]. We concentrate on the CP-conserving top 
quark operators whose coefficients are real, 

= (^t^f- y) (gVfl* + H.c.), 

^^t3=*(*^^M*)i«7^&fl + H.c., (3) 

C^z?t = (9W«) (^^*)+H.c., 
OtM/*-fe^'^''^ifl)W^.+H.c., 

where (7^ = {t]^,bjj'^, <& is the scalar isospin doublet (the Higgs doublet) with hypercharge 
Y = 1/2, and $ = 1x3$* with r,; {i = 1-3) being the Pauli matrices. The dimension-six 
operators for the tau- Yukawa coupling have been discussed in Ref . [6j . 

Because we have not measured any Higgs coupling yet, the size of the anomalous coupling 
is completely free from constraints from the experimental data. The top quark gauge 
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Tabic 1: Sets of the dimension-six couplings wc used for the analyses. 



interaction can be directly constrained by the Tevatron, but there are no severe bounds due 
to lower statistics. From the indirect measurement, the LEP precision results can give a 
stringent limit to the anomalous couplings Cj[7]- The coupling C^,^ is subject to weaker 
bound than the others. We here set the coupling strength of 0^2^0^^,0^^r^,0^g^ to be 
zero. The couplings Ci of the dimension-six operators can be constrained by perturbative 
unitarity[3. Their bounds for C^i and Cj-,^ are evaluated as[7j 

-6.2 < < 10.2, (5) 
where v (~ 246GeV) is the vacuum expectation value of the Higgs boson. 



3 New Physics effect on the top- Yukawa couphng 

In this section, we study the phenomenology of the new physics effect in terms of the 
dimension-six operators. Han et al. have discussed those on the process of e~e^ tti?[9]. 
Those effects on the W-boson fusion e~e"'" — > W~W^vD ttvV are discussed in Ref. [TO] . 

The W-boson fusion process has been studied in the SM[TT1[T2], and its QCD correction 
has also been studied in Ref. [13]. In the SM without the Higgs boson, instead of including 
the dimension-five operators, this process has been investigated in Ref. [14] . 

Since we have introduced the dimension-six top-Higgs interaction, the partial decay width 
for the process H ^ tt \s modified at tree level, which is obtained by using the effective 
top- Yukawa coupling 

2/?V,A) = yfM_,2^_^2^, (6) 

The loop induced decay widths oi H ^ j'-f,Z'-f,gg are also given by replacing yf^ by 
y^^{rn^) in the corresponding SM expressions. In Fig. [21 the values of the total width of the 
Higgs boson are shown for each set of the dimension-six couplings in Tab. [1] , according to 
the unitarity bounds. Set A corresponds to the SM case. The decay modes H ^ tt (tree), 
H — !■ 77, H — > 7Z and H gg (one loop) are largely modified at the leading order by the 
inclusion of On and Oot- 

We here evaluate the cross section of the full process e~e+ — > W^W^vv tivv in 
the method of the effective W-boson approximation (EWA) [T5] by combining the result of 
calculation of the subprocess. We also evaluated the cross section by the full matrix element 
calculation by using CalcHEP(l6j (and LanHEP|17j). and compared the consistency with 
the EWA results. The EWA gives reasonable results for a large value of \/i as compared to 
m^f. In order to keep the validity of the calculation based on the EWA, we need to make 



LCWS/ILC2007 




100 m„[GcV] 500 1000 



Figure 2: The total width of the Higgs boson for several cases of C^i and . A is set to 
be 1 TeV. 



the kinematic cut at an appropriate value. Here we employ the cut Mjj > 400 GeV|12j. 
The accuracy of the EWA has been discussed in Ref . [TH] • Our results agree with those in 
Ref. [14] where expected error is evaluated to be of the order of 10% for the cut Mf^ > 500 
GeV. 

We add the dimension-six operators Oti and Ont to the SM Lagrangian. In Figs. [3{a) 
and[3l^b) cross sections for e~e''" W^W^vD ttvD are shown as a function of m^j after 
the kinematic cut Mu > 400 GeV. The collision energy is set to be -y/s = 1 TeV. The new 
physics scale A is assumed to be 1 TeV and 3 TeV. Fig. shows the results for Set B and 
Set C, and Fig. [3{b) does those for Set D and Set E. In both figures, the result in the SM 
case [Set A] is also plotted. 

The SM value of the cross section for e~e+ — ^ W^W^vv — > ttvv is order Ifb for heavy 
Higgs bosons (m^ > 400 GeV). At the ILC with an e~e+ energy of 1 TeV and the integrated 
luminosity of 500fb~^, over several hundred events are produced. Naively, the statistic error 
of the cross section measurement can be less than about 10% level. The QCD corrections 
are evaluated to be the same order of magnitude [12j. Therefore, we can expect that the 
large correction of the cross section can easily be observed as long as it changes the cross 
section by a few times 10% or more. The effect of Oot under the constraint from the LEP 
data may also be observed when it changes the SM cross section by 10-20 %. 

Background processes are also taken into account. Main background is e^e+ — > 7tt with 
7 to be missed. It can be reducible by making a kinematic cut for the transverse momentum 
of the final top quark. In Ref. [14j . the simulation study for the background reduction 
has been performed in the SM, and the background can be sufficiently suppressed by the 
kinematic cuts. Another important background is the top pair production process via the 
photon fusion 77 tt. This mode can be suppressed by the cut 50 GeV|3], where ^is 
the missing energy. Finally, the direct top-pair production e~e+ — *■ can be suppressed by 
imposing the cut for the invariant mass Mu- 

4 Conclusions 

In this talk, we have studied the new physics effect of the dimension-six top quark operators. 
Theoretical and experimental constraints on these operators have been discussed. We have 
evaluated the cross section of the process e^e+ W^W^vv ttvv in the SM with the 
dimension-six top-Higgs interaction, and found that the deviation from the SM result can 
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be a few hundred percent greater than the SM one, which can easily be detected at a future 
hnear coUider including the ILC. Such a large deviation may also be detectable at the LHC 
via the process such as pp W^W^X tiX even though the QCD background is huge. 
Detailed simulation study should be necessary to clarify the significance. 



A = ITcV, Mil > lOOGeV A = ITuV. Mti > 400GeV 




Figure 3: Cross sections of e e"*" — > Wj^ W^vu ttvv are shown as a function of Higgs 
boson mass for the cases of Set A, Set B and Set C [Fig. [S^a)], and for those of Set A. Set 
D and Set E [Fig. E^b)] with A = 1 TcV (solid curves) and 3 TeV (dashed curves). The 
collider energy is taken to be ^/s = 1 TcV. 
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